Abstract-Chaos is a very interesting nonlinear phenomenon, and often encountered in many dynamics. Hence, Chaos control problem has been one of the main concerns of researchers wishing to inspect the properties of such systems. This paper focuses on the adaptive control problem and tracking control problem for a new chaotic dynamical system with unknown parameter. Based on a modified backstepping technique and adaptive control method, some chaos controllers are developed for such systems. In comparison with previous methods, the present control technique can improve the speed of parameter identification. The stability analysis in the closed-loop system is given by the Lyapunov method. Finally, numerical simulations are provided to verify the feasibility and effectiveness of the designed controller.
I. INTRODUCTION
Chaos is a very interesting nonlinear phenomenon, and often encountered in many dynamics, such as signal generator [1] , secure communication [2] , circuits [3] , lasers [4] , etc. Hence, Chaos control problem has been one of the main concerns of researchers wishing to inspect the properties of such systems [5] . Nowadays, many techniques have been proposed to control chaos, including OGY method [6] , linear state space feedback [7] , adaptive control [8] , etc. Some methods are based on knowing the system structure and parameters. But in practical situations, there are many uncertain systems. Therefore, the derivation of an adaptive controller for the control of chaotic systems with unknown system parameters is an important issue. This issue involves the identification of the unknown parameters and the approach of controlling chaotic system. And adaptive backstepping control has been one of the most effective approaches for the design of nonlinear system.
In this work we investigate the problem of chaos control and tracking control for a new chaotic dynamical system and propose a modified backstepping technique and adaptive control method. In comparison with previous methods, the present control technique can improve the speed of parameter identification. The stability analysis in the closed-loop system is given by the Lyapunov method. Finally, numerical simulations are provided to verify the feasibility and effectiveness of the designed controller. 
II. SYSTEM DESCRIPTION
The new chaotic dynamical system [9] is described by:
where a, b and c are three unknown parameters. When the parameters = 10, = 16 , = −1, system (1) displays a chaotic attractor (see Fig. 1 ). The system (1) belongs to generalized Lorenz system. Since the eigenvalues of the corresponding Jacobians of the new system (1) are different from the Lorenz system [10] , system (1) and Lorenz system are not topological equivalent.
III. CONTROLLING CHAOTIC SYSTEM AND IDENTIFICATION
OF THE UNKNOWN PARAMETER In this section, we will use a modified backstepping approach to design a controller. We will add an extra control parameter in our controller to improve the speed of parameter identification.
Assume that all parameters , , in system (1) are unknown and need to be identified, we add a control input to the third equation of system (1). Now, we rewrite system (1) as the following:
Then we will identify the three parameters and control the uncertain system (2) . At each step, we will construct control function via selecting an appropriate Lyapunov function (stabilizing function).
We define three error variables as the following:
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Step 1: Calculating the time derivative of the 1st equation = , we have
We define a Lyapunov function as
Taking the time derivative of (5), we get
We choose
where 1 ∈ 0,1 , 2 ∈ 0,1 , 2 is the extra control parameter in our controller to improve the speed of parameter identification.
We can rewrite (6) as the following:
Step 2:
Calculating the time derivative of the 2nd equation = − 1 , we have
Assume the errors of three parameters are , , as the following:
where , , are three identification values.
We introduce a Lyapunov function as 
Taking the time derivative of (11), we get We choose
where , are Control constants and > 0, > 0.
And we can rewrite (12) as the following:
Step 3:
Calculating the time derivative of the 3rd equation = − 2 , we have
We can define a Lyapunov function as 
Taking the time derivative of (18), we get 
+ ( − )
where , are control constants and > 0, > 0. And we can rewrite (19) as the following:
At this point, the system (2) state can be stabilized and the unknown parameters can be identified under the action of the controller (20) and the parameters adaptive rate (14) (15) (21).
Stability Analysis: Lyapunov function = 3 Taking the time derivative, we get
Barbalat Lemma [11] , the system (2) is asymptotically stable.
IV. TRACKING ANY DESIRED TRAJECTORY
In this section, we will apply the above technique to design a tracking controller for system (1) . To simplify the problem in the present section, we assume that the three parameters , and c are seen as known parameters and set the output of the system = .
We can add a control input 2 to the second equation of system (1) . Now, we rewrite system (1) as the following:
We define error variables as the following:
where is any desired trajectory.
Step 1:
Defining a Lyapunov function as
Taking the time derivative of (23), we get
To make 1 be negative definite, we choose
We can rewrite (27) as the following:
Step 2: Defining a Lyapunov function as
Taking the time derivative of (30), we get 
To make 2 be negative definite, we choose
We can rewrite (31) as the following:
Obtained above controller 2 (32), we can guarantee 2 negative definite, which enables the output of the system (24) follow any trajectory steadily.
V. SIMULATIONS
In order to verify the feasibility and effectiveness of the above method, we use a fourth-order Runge-Kutta method algorithm for the numerical simulation in this section. We assume that three parameters are chosen to = 10 = 16 = −1 in all simulations, so that the new system exhibits a chaotic behavior. We also assume that = 100, = = = 30, 1 = 0.62. If our extra control parameter 2 = 0, the controller (20) is the same as the one that is obtained by the previous backstepping method. At this point, we choose the extra control parameter 2 = 0.8. Fig. 2 illustrates the parameter identification in this paper, and the design of parameters adaptive law made a significant effect. The red lines represent 2 = 0.8, while blue lines represent 2 = 0 in the Fig. 2 . Fig. 2 . Identification of the unknown parameters. Fig. 2 demonstrates that the extra control parameter 2 in our controller has improved the speed of parameter identification. Fig. 3 shows the system state variables x, y, z, soon reached theoretically expected boundary point. 
VI. CONCLUSION
In this paper, a modified backstepping technique and adaptive control method are proposed for controlling a new chaotic dynamical system (1). Based on the Lyapunov stability theory and above method, the two controllers (20) and 2 (32) are designed to achieve chaos control and tracking control. An appropriate extra control parameter 2 in our controller (20) can improve the speed of parameter identification. Numerical simulations show that the proposed method work effectively.
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